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 .TWS .nimA  
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 imed taafnamreb gnay isubirtnok nakirebmem aggnihes naacab nahab idajnem
   .hisakamiret nakpacu silunep atak rihkA .nakididnep utum naktakgninep  
 mukiala’umalassaW haraW hutakarabaW ihallutam . 
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I BAB  
NAULUHADNEP  
1.1  gnakaleB rataL  
 hadus ,gnaro naigabes nahutubek nakapurem aragen utaus ek gnujnukreB
 agrah aynharum itrepes ,habmatreb suret gnukudnep rotkaf akij hibelret
isatropsnart  ,iregen raul ek napanignep nad   nawatasiw helo iuhatekid tapad gnay
 irah nikames gnay isakinumok isamrofni igolonket nagnabmekrep iulalem
 kutnu atasiw nanalajrep nakukalem gnay gnaro halada nawatasiW .ujam nikames
ta sinsibreb ,rubilreb/taharitsireb duskam  itrepes aynnial nanalajrep kutnu ua
.)3102 ,amaiguS( iduts nanalajrep kutnu nad ,naamagaek nagnujnuk ,taboreb  
 nanigniek nakapurem racnal nad nakgnaneynem ,nama gnay nanalajreP
 gnay utas halas ,iregen raul ek nanalajrep nakukalem naka gnay nawatasiw aumes
h  hatniremep helo nakraulekid gnay has nemukod utiay nakpaisrep id sura
 nanalajreP taruS apureb aisenodnI aragen agraw adapek aisenodnI kilbupeR
 .ropsap tubesid asaib uata aynlasa aragen utaus irad )IRPS( aisenodnI kilbupeR
kam ,ropsap ikilimem kadit alibapA  a  nanalajrep nakukalem naka gnay nawatasiw
iregen raul ek igrep asib kadit  araces nanalajrep hupmenem  ilaucek ,  lagelli  gnay
id aynaratnaid ,okisireb tagnas isatroped “ ,)63( 1 lasaP turunem ,  isatropeD halada  
nakadnit  askap  aro nakraulegnem aliw irad gnisa gn gnadnU( ”aisenodnI hay -
.)naisargimieK gnatnet 6102 nuhaT 6 romoN aisenodnI kilbupeR gnadnU  
 ,uaiR isnivorp id rasebret atoK nad atoK ubi nakapurem urabnakeP
 ualuP id rasebret imonoke lartnes utas halas nakapurem ini atoK .aisenodnI
atoK kusamret nad artamuS   isasinabru nad isargim ,nahubmutrep takgnit nagned
.iggnit gnay   aradU radnaB utiay ,lanoisanretnI aradu radnab ikilimem urabnakeP
 .ukuD iagnuS nahubaleP nad II misaK firayS natluS  iagabes narepreb isargimI
usnu nakapurem gnay ,aragen gnabreg utnip agajnep  nakapurem anerak gnitnep r
 nad natakgnarebek halasam inagnanem gnay rihkaret nad amatrep isutitsni
 ,aragen utaus hayaliw raulek nad irad nawatasiw nagnatadek  naaskiremep tapmet
nial tapmet uata satnil satab sop ,aradu radnab ,tual nahubalep halada isargimi  
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 aisenodnI hayaliw raulek uata kusam tapmet iagabes gnadnU( -  kilbupeR gnadnU
.)naisargimieK gnatnet 1102 nuhaT 6 romoN aisenodnI  
 tapad tapet nagned awitsirep naklamarem kutnu nagnurdneceK
 nakgnadeS .naanacnerep igab kiab hibel gnay rasad nakirebmem  naanacnerep
nas iapacnem malad nakhutubid haltag   utaus maladid naujamek nad nalisahrebek
 .ini sabeb nagniasrep are id amaturet nemejanam isasinagro  edoteM
egarevA gnivoM detargetnI evissergerotuA  AMIRA( )  helo nakgnabmek id
adap snikneJ nyliwG nad xoB egroeG   lisahreb halet fitkefe araces 6791 nuhat
 kutnu nakulrepid gnay naveler isamrofni ianegnem natakapesek iapacnem
ledom iakamem nad imahamem -  nakanugrepid tapad ini ledoM .AMIRA ledom
 kutnebmem aggnihes raseb pukuc gnay halmuj malad aidesret gnay atad alib
ur  kutnu nakanugrepid gnires aynasaib nad gnajnap pukuc gnay utkaw nutn
 nutnur nad ajrek aganet ,nalaujnep ,naamirenep ,nairah mahas agrah naklamarem
9991 ,sikadirkaM( aynnial utkaw )  .  
( utkaw nutnur sisilana nakanuggnem nagneD seires emit  aynsusuhk )
edotem  xoB -  gnay nahalasamrep aumes bawajnem tapad nakparahid akam snikneJ
.ada  xoB edoteM nakanuggnem nalamarep gnatnet naitilenep aparebeB -  snikneJ
“ luduj nagned inkay aynmulebes sahab id hanrep hadus xoB napareneP -  snikneJ
d nemusnoK agraH kednI naklamareM malad ”urabnakeP atoK i   inaP irA helo
)5102( atimseD ivE nad anivseD .  irreF akE ispirkS adap aguj tapadret ,uti nialeS
“ luduj nagned inayadnI  nagned ipA atereK gnapmuneP halmuJ nalamareP
xoB edoteM nakanuggneM -  )oresreP( ipA atereK .TP id susaK idutS( snikneJ
OAD ”)atrakaygoY IV P  .  
 tahil atik tapad urab ropsap nanohomrep nalamarep itilenem ayngnitneP
 ,aynnalub paites id takaraysam irad ropsap nasurugnep naatnimrep aynkaynab irad
 takaraysam satilibom awhab nakadnanem ini laH .ropsap naubir iapacnem gnay
nit nikames  ropsap naka takaraysam nahutubek adap huragnepreb naka gnay igg
nad   libmagnem kutnu aynnial kahip uata naisargimieK kahip igab anugreb ini lah
 aggnihes nakirebid naka gnay nanayalep naktakgninem kutnu nakajibek
 ,lamiskam tubesret nanayalep sife nad fitkefe  gnakaleb ratal nakrasadreB .nei
 nad nakledomem anamiagab gnatnet sahabmam kutnu kiratret silunep ,sataid
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 1 salek isargimI rotnaK id urab ropsap nanohomrep halmuj atad naknalamarem
 ludujreb gnay rihka sagut kutneb malad ,gnatad naka gnay utkaw id urabnakeP
“  uraB ropsaP nanohomreP halmuJ nalamareP  I saleK isargimI rotnaK id
 nagned urabnakeP  nakanuggneM  ledoM evussergerotuA .”  
2.1  halasaM nasumuR  
reB ad id naiaru nakras   nahalasamrep naksumurid tapad sata  sagut adap
 ini rihka utiay  B“  anamiaga  lisah nakutnenem  nanohomrep halmuj nalamarep
P 1 salek isargimI rotnaK id urab ropsap urabnake  nagned   nakanuggnem  ledom
evissergerotuA  .”?gnatad naka gnay utkaw kutnu  
3.1  halasaM nasataB  
nasatab nakulrepid rihka sagut naitilenep nakanaskalem malaD - nasatab  
 gnapmiynem kadit raga gnay naujut aggnihes ,nakanacnerid halet gnay irad  
 ,iapacid tapad aynranebes :utiay halasam nasatab nakirebmem itilenep akam  
.1   sisilanaid nad nakanugid gnay ataD  aynah ini naitilenep adap  atad
asaib ropsap sinej nagned urab ropsap nanohomrep halmuj aynkaynab   84
namalah  .urabnakeP 1 salek isargimI rotnaK id  
.2   urab ropsap nanohomrep atad halada libmaid gnay ataD  iraunaJ edoirep
.9102 iraunaJ nagned iapmas 2102  
.3   ledom halada nakanugid gnay edoteM .evissergerotuA  
 
4.1  naitileneP naujuT  
enep naujut nupadA  irad naitil  nakutnenem kutnu halada ini rihka sagut
 id urab ropsap nanohomrep halmuj nalamarep lisah isargimI rotnaK   1 salek
 nakanuggnem nagned urabnakeP  ledom evissergerotuA   naka gnay utkaw kutnu
 .gnatad    
5.1  naitileneP taafnaM  
 ini rihka sagut irad naitilenep taafnaM :halada  
.1  eneP  nad akitametaM naumliek adapek nasawaw nakirebmem ini naitil
anem m rihka sagut nusuynem kutnu awsisaham isnerefer hab . 
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.2   id tujnal hibel tesir nakukalem kutnu lawa kitit iagabeS k isargimI rotnaK  sale
ana nagned natiakreb gnay amaturet ,urabnakeP 1  iulalem utkaw nutnur sisil
.aynnalub paites atad irad helorepid gnay atad  
.3  P atoK hatniremep utnabmem tapaD  urabnake susuhk  ayn  isargimI rotnaK
 1 salek  tiakret gnatadnem asam id nakajibek libmagnem malad urabnakeP
 nahalasamrep  atoK id urab ropsap nanohomrep P urabnake   asib aggnihes
igal kiab hibel gnay nanayalep takgnit nakirebmem . 
 
6.1  naitileneP akitametsiS  
 idajnem igabid ini rihka sagut lasoporp adap nasilunep akitametsiS
gnisam nasalejnep tukireB .bab aparebeb - :bab gnisam  
I  BAB   nauluhadneP  
 ini baB isireb   naujut ,halasam nasatab ,halasam nasumur ,gnakaleb ratal
.nasilunep akitametsis nad naitilenep taafnam ,naitilinep  
II  BAB    iroeT nasadnaL  
iroet gnatnet isireb ini baB -  gnatnet nahacemep irasadnem gnay iroet
halasam - ut luduj nagned nagnubuhreb gnay halasam rihka sag . 
 III  BAB  edoteM naitileneP igol  
edotem gnatnet isireb ini baB -  malad nakanugid gnay edotem
 nasilunep malad nakhutubid gnay lisah helorepmem raga naitilenep
rihka sagut . 
VI  BAB  nasahabmeP  
 ini baB  halmuj nalamarep ianegnem nasahabmep isireb  nanohomrep
 nagned urabnakeP 1 salek isargimI rotnaK id urab ropsap
 ledom nakanuggnem evissergerotuA . 
  BAB V putuneP  
naras nad nalupmisek isireb ini baB -  acabmep igab silunep naras
.nakukalid gnay rihka sagut  ianegnem  
 
  
II BAB  
IROET NASADNAL  
1.2  ifeD aP isin s rop  
 namiagabes )IRPS( aisenodnI kilbupeR nanalajreP taruS uata ropsaP  a
( 92 lasap malad duskamid 1) P“ ,nakataynem  gnay imser nemukod halada ropsa
 utaus irad gnanewreb gnay tabajep helo nakraulekid aragen   satitnedi taumem gnay
kalem kutnu ukalreb nad ayngnagemep nanalajrep naku   ratna ”aragen  ropsaP .
saib ropsaP .nakraulekid laggnat kajes nuhat amil asam kutnu ukalreb d a  nakirebi
w adapek  agra aragen   raul ek nanalajrep nakukalem naka gnay )INW( aisenodnI
b naka gnay INW igab nad ,aisenodnI hayaliw n raul id laggnit tapmetre  .irege
anohomrep nakujagnem nagned nohomep naatnimrep sata nakirebid ropsaP  aynn
K iulalem gimI rotna isar  gnadnU( -  nuhaT 9 romoN aisenodnI kilbupeR gnadnU
.)naisargimieK gnatnet 2991  
2.2  sineJ -J ropsaP sine  
sinej nupadA - ( utiay ,aisenodnI id ada gnay ropsap sinej U gnadn -U gnadn  
N T 6 romo 1102 nuha  :)naisargimieK gnatneT  
.a   kitamolpiD ropsaP  
psaP naktibretid kitamolpid ro  w igab  agra aragen  ka gnay aisenodnI  na
w raulek nanalajrep nakukalem  uata natapmenep akgnar malad aisenodnI hayali
agut nanalajrep M helo naktibretid ,kitamolpid s tne n raul ire ge e .ir  
.b  saniD ropsaP  
w igab naktibretid sanid ropsaP  agra aragen  naka gnay aisenodnI  
 raulek nanalajrep nakukalem w  uata natapmenep akgnar malad aisenodnI hayali
tid ,kitamolpid tafisreb kadit gnay sanid nanalajrep  raul iretneM helo naktibre
iregen . 
.c   asaiB ropsaP  
 asaib ropsaP w kutnu naktibetid  agra aragen   helo naktibretid ,aisenodnI
a irtneM 4 irad iridret asaib ropsaP .kujnutid gnay isargimI tabajeP uat  namalah 8
w kutnu namalah 42 nad  agra aragen   namalah 84 iad iridret gnay ropsaP .aisenodnI
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 agraw kutnu ,mumu araces naulrepek kutnu nakirebid gnay aragen   gnires gnay
reB .irgen raul ek naigrepeb reb ukub kutneb  88 naruku nagned uajih anraw 521 x  
 .aynakraulekid laggnat kajes nuhat amil halada ini ropsap ukalreb asam nad mm
 uata hormu naulrepek kutnu susuhk ,namalah 42 irad iridret gnay ropsaP  aganet
 ajrek I n raul id aisenodn ge e jih ukub kutnebreB .ir 88 naruku nagned ua  521 x   mm
at agit halada ini ropsap ukalreb asam nad aynakraulekid laggnat kajes nuh . 
3.2  ( nalamareP F gnitsacero ) 
( nalamareP gnitsacerof  apa naklamarem kutnu ahasu utaus nakapurem )
id  idajret naka gnay   asam atad nalibmagnep nakrasadreb gnatad naka gnay asam
.ulal  rebeb adap gnutnagret aynmumu nasutupek utaus aynkadit uata fitkefE a  ap
 nalamareP .libmaid uti nasutupek utkaw adap tahil atik tapad kadit gnay rotkaf
ret isamrofni naktaafnamem nagned nakukalid  naknigniid gnay naujut raga kiab
 tapad gnay awitsirep isapisitnagnem kutnu nakulrepid nalamareP .iapacret tapad
 .)7002 ,tagnapuS( nakpaisrepid tapad aggnihes ,gnatad naka gnay asamid idajret  
1.3.2  sineJ - nalamareP sineJ  
karikrepmem kutnu nakukalid gnay nalamareP  idajret naka gnay utauses na
:)9002 ,osotnaS( utiay ,sinej aparebeb irad iridret gnatad naka gnay asam adap  
)a  ( kednep akgnaj adap nakukalid gnay nalamareP mret trohs ) 
nem halada kednep akgnaj adap nalamareP  ialum utkaw nuruk nakanugg
 irad  iapmas irah utas .nuhat utas iapmas tapad uata ,misum utas  
)b  ( hagnenem akgnaj adap nakukalid gnay nalamareP mret muidem ) 
aw halada hagnenem akgnaj adap nalamareP  nakanugid gnay utk
 ini nalamarep  iapmas )nial gnay uata naluwirt ,latrauk( misum utas utiay
.nuhat aud  
)c  y nalamareP ( gnajnap akgnaj adap nakukalid gna mret gnol ) 
uggnem gnay nalamarep nakapurem gnajnap akgnaj adap nalamareP  nakan
.nuhat amil laminim utkaw  
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2.3.2  nalamareP edoteM  
 edotem utiay ,amatu irogetak aud malad igabid nalamarep edoteM
ad fitatilauk nalamarep rep edotem n  edoteM .fitatitnauk nalama  fitatilauk
 ,aisunam isiutni nad tapadnep nakanuggnem gnay nalamarep edotem nakapurem
 nakanuggnem gnay kitametam nalamarep isgnuf nakitahrepmem kadit atres
 gnay nalamarep edotem nakapurem fitatitnauk edoteM .fitatilauk edotem
gnem  malad nakfitatitnaukid tapad gnay ulal asam gnatnet isamrofni nakanug
 naka ulal asam id atad alop awhab nakismusaid tapad atres ,kiremun atad kutneb
.)9991 ,sikadirkaM( gnatad naka gnay asam adap tujnalreb  
 fitatitnauk edotem nakanuggnem nagned nalamareP  sinej aud irad iridret
( alakreb tered edotem utiay ledom dohtem seires emit ( lasuak edotem nad )  lasuac
dohtem ( alakreb tered edoteM .)9002 ,osotnaS( ) dohtem seires emit  nakapurem )
 ,nauggnim ,nairah malad utkaw nakrasadreb gnay atad nakanuggnem gnay edotem
nial nad nanalub - nial   .ulal asam adap atad nakrasadreb nakukalid tapad gnay
( lasuak edoteM dohtem lasuac  nagned nakanugid gnay edotem nakapurem )
 nakrasadreb nakukalid tapad gnay ,sabeb kat lebairav hakapa nakutnenem
.lebairav aratna tabika babes nagnubuh  
 ( alakreb atad ledom fitatitnauk edotem nalamareP seires emit  tapad )
kalid  .isidnok agit ihunemem akij naku  gnatnet isamrofni aynaidesret ,amatreP
 .ulal asam audeK  ,  atad kutneb malad nakfitatitnaukid tapad tubesret isamrofni
 .kiremun agiteK  , akismusaid tapad  naka ulal asam alop kepsa aparebeb awhab n
sam id tujnalreb suret .)8991 ,sikadirkaM( gnatadnem a  
4.2  ( utkaW nutnuR sisilanA S emiT seire ) 
 utkaw nutnur ataD  nakapurem   isavresbo uata natamagnep naiakgnares
 utkaw irad nutnureb araces naklupmukid nad libmaid gnay lebairav utaus padahret
 nakapurem asib naidajek utkaW .patet gnay utkaw lavretni nakrasadreb utkaw ek
b ,irah ,maj ,tinem ,kited nautas malad edoirep  nuhat ,nalu p nad e  utkaw edoir
 nakrasadid gnay natamagnep atad niakgnares nakapurem uti aynaumes ,aynnial
 nagned lanekid hibel gnay utnetret utkaw lavretni nagned naidajek utkaw adap
seires emit   iskudorp halmuj halada utkaw nutnur atad hotnoC .)6891 ,reyrC(
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brep kaynim  gnapmunep halmuj atad nupuam ,irahrep mahas agrah skedni ,nalu
.nalub paites ipa aterek   
 naujuT  nakumenem kutnu halada utkaw nutnur atad nalamarep edotem
 asam ek tubesret alop nakisalopartskegnem nad sirotsih atad tered malad alop
 ,nial atak nagned ,naped  sisilana irad amatu naujut seires emit   kutnu halada
 iskiderp naujut kutnu huragnepreb gnay rotkaf isalosignem nad isakifitnedignem
lairejanam lortnok nad naanacnerep nalamarep uata .  
urem utkaw nutnur sisilanA  nakgnarenem gnay sisilana nakap  nad
eb rukugnem  adaP .edoirep utas amales atad nagnabmekrep uata nahaburep iagabr
 utkaw nateredes malad kitsitats atad malad idajret gnay nahaburep aynmumu
tnebreb tapad utnetret airav ,relukes dnert ku irav ,sulkis is misum isa   isairav nad
( patet kadit gnay ralugerri .)  
.1  nerT d sutupret sirag aynkutneb gnay avruk utaus nakapurem -  adap sutup
.gnajnap gnay utkaw akgnaj itupilem gnay alakreb tered kifarg  
.2   malad nurunem uata takgninem gnay nakaregrep nakapurem sulkis isairaV
ureb gnay naidajek nagned tiakret utnetret utkaw nuruk utas  ipatet gnal
 akgnaj malad nurut/kian nakareg uata nuhat aparebeb paites gnusgnalreb
 avruk/sirag utaus irad gnajnap dnert  .  
.3   .utnetret utkaw nuruk adap gnalureb gnay atad alop utiay misum isairaV
latrauk atad adap halada iapmujid gnires gnay namisum isautkulF  ,na
 .nauggnim uata nanalub  
.4   kadit gnay awitsirep helo nakbabesid gnay kaca alop utiay narutareb kaT
 .narutareb kadit uata iskiderpid asib  
5.2  ( utkaW nutnuR ataD aloP S emiT seire ) 
 halada tapet gnay nalamarep edotem utaus hilimem kutnu gnitnep hakgnaL
em nagned  tapet gnilap gnay edotem aggnihes atad alop sinej nakgnabmitrepm
ijuid tapad tubesret alop nagned  .  utiay ,sinej 4 idajnem nakadebid tapad atad aloP
:)9991 ,sikadirkaM(  
 
 
Y 
utkaW  
Y 
utkaW  
Y 
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tZ
2∇   halada  gnicnereffid  irad aud edro tZ  nad , tZ∇   halada  gnicnereffid  takgnit
  irad amatrep tZ  lisah hisiles akam ,  gnicnereffid  irad aud takgnit tZ : 
1
2
−∇−∇=∇ ttt ZZZ  )2.2(  
  ilabmek silutid tapad )2.2( naamasreP nad )1.2( naamasreP nakrasadreB
:kutneb malad  
( ) ( )2112 −−− −−−=∇ ttttt ZZZZZ   
212 −− +−= ttt ZZZ  )3.2(  
  lanosaes gnicnereffiD  nagned amas lanosaesnon gnicnereffid  .
 akiJ .aynmulebes atad edoirep adap katelret aynaadebreP  lanosaes gnicnereffid
:)4991 ,kkd xoB( kutneb malad silutid tapad sitametam araces ,utas edroreb  
sttts ZZZ −−=∇  )4.2(  
  nagned
 
𝑠  edoirep halada  ,lanosaes  tajared hisiles kutnu aggnihes 𝐷  nagned
t
D
s Z∇  akiJ .  lanosaes gnicnereffid  nakukalid akam ,renoisats muleb utas takgnit
 lanosaes gnicnereffid  :tukireb iagabes silutid tapad sitametam araces ,aud takgnit  
sttts ZZZ −∇−∇=∇
2  )5.2(  
 adreB  malad ilabmek silutid )5.2( naamasreP nad )4.2( naamasreP nakras
:kutneb  
( ) ( )sstststtts ZZZZZ −−−− −−−=∇ 2  
ststt ZZZ 22 −− +−=  )6.2(  
  akiJ  gnicnereffid ialin igab aud edro -  ialin  seires emit  ,renoisats kadit gnay
 nakukal akam  gnicnereffid ialin iapmas - ialin   seires emit  naklisahgnem aggnihes
ialin -  ialin  seires emit  .renoisats  
7.2  doM le -M renoisatS gnay utkaW nutnuR sisilanA ledo  
 ledom halada renoitats gnay utkaw nutnur ledom aparebeB  evissergerotuA
( ),RA  egarevA gnivoM  ( )AM   nad A egarevA gnivoM evissergerotu  ( ).AMRA  
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1.7.2   ledoM  fisergerotuA RA uata
 
�𝒑� 
 ledoM  evissergerotuA  RA uata �𝑝�  gnilap gnay raenil ledom nakapurem
kaw nutnur sisilana ledom adap anahredes lisahid gnay ,renoisats gnay ut  nak
sesorp malad   lisah .iridnes aynirid nagned iserger  
 mumu araceS  sesorp kutnu RA  ek edro - 𝑝 ( )( )pRA  id tapad  iagabes silut
5002 ,ieW( tukireb :)  
tptpttt ZZZZ εφφφφ +++++= −−− 22110  7.2( ) 
nagned  
 tZ   :  edoirep adap atad ;t nt ,,2,1=  
 0φ  atnatsnok utaus :  
 iφ   retemarap :  evissergerotua ek RA uata - ,i  pi ,,2,1=  
 itZ −   :  edoirep adap atad ;it −  pi ,,2,1=  
 tε   :  rorre  edoirep adap t  
.a  )1(RA ledoM  
 :tukireb iagabes silutid tapad ,)1(RA ledom sitametam araceS  
ttt ZZ εφφ ++= −110    
nagned  
 tZ   :  edoirep adap atad t  
 0φ  atnatsnok utaus :  
 iφ   retemarap :  evissergerotua ek RA uata -1  
 1−tZ   :  edoirep adap atad 1−t   
 tε   :  rorre  edoirep adap t  
.b  )2(RA ledoM  
 :tukireb iagabes sitametam araces silutid tapad )2(RA ledoM  
tttt ZZZ εφφφ +++= −− 22110  
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nagned  
 tZ   :  edoirep adap atad t  
 0φ  atnatsnok utaus :  
 iφ   retemarap :  evissergerotua ek RA uata -1  
 1−tZ   :  edoirep adap atad 1−t   
 2−tZ   :  edoirep adap atad 2−t   
 tε   :  rorre  edoirep adap t  
 (RA iapmas aynsuretes RA ledoM p  itukignem nagned naktujnalid tapad )
(RA mumu alop p .)  
2.7.2   ledoM  egarevA gnivoM AM uata
 
�𝒒� 
ek edro AM sesorp kutnu mumu araceS - 𝑞 AM( �𝑞� id tapad )  iagabes silut
5002 ,ieW( tukireb :)  
qtqttttZ −−− −−−−+= εθεθεθεθ 22110  8.2( ) 
nagned  
  tZ   :  edoirep adap atad ;t nt ,,2,1=  
 0θ  atnatsnok utaus :  
 tε   :  rorre  edoirep adap t  
 jθ   retemarap :   egareva gnivom ek AM uata - ,j  qj ,,2,1=  
 jt−ε   : rorre   edoirep adap ;jt −  qj ,,2,1=  
.a  )1(AM ledoM  
:tukireb iagabes silutid tapad )1(AM ledom sitametam araceS  
110 −−+= tttZ εθεθ  
nagned  
  tZ   :  edoirep adap atad t  
 0θ  atnatsnok utaus :  
 tε   :  rorre  edoirep adap t  
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 1θ   retemarap :   egareva gnivom ek AM uata -1  
 1−tε   : rorre   edoirep adap 1−t   
.b  )2(AM ledoM  
:tukireb iagabes silutid tapad )2(AM ledom sitametam araceS  
22110 −− −−+= ttttZ εθεθεθ  
nagned  
 tZ   : atad   edoirep adap t  
 0θ  atnatsnok utaus :  
 tε   :  rorre  edoirep adap t  
 1θ   retemarap :   egareva gnivom ek AM uata -1  
 2θ   retemarap :   egareva gnivom ek AM uata - 2   
 1−tε   : rorre   edoirep adap 1−t   
 2−t
ε   : rorre   edoirep adap 2−t   
(AM iapmas aynsuretes AM ledoM q  naktujnalid tapad ,)  itukignem nagned
(AM mumu alop q .)  
 
3.7.2   ledoM  egarevA gnivoM evissergerotuA  uata AMRA (
 
𝒑, 𝒒) 
 ledoM  egarevA gnivoM evissergerotuA  uata AMRA (𝑝, 𝑞)  nakapurem
 aratna nagnubag RA �𝑝�  nad AM �𝑞�  silutid tapad aynmumu kutneb ,  iagabes
5002 ,ieW( tukireb :)  
qtqttptpttt ZZZZ −−−−− −−−+++++= εθεθεφφφφ 1122110  9.2( ) 
nagned  
 tZ   :  edoirep adap atad ;t nt ,,2,1=  
 0φ  atnatsnok utaus :  
 iφ   retemarap :  evissergerotua ek RA uata - ,i  pi ,,2,1=  
 itZ −   :  edoirep adap atad ;it −  pi ,,2,1=  
 tε   :  rorre  edoirep adap t  
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 jθ   retemarap :   egareva gnivom ek AM uata - ,j  qj ,,2,1=  
 jt−ε   : rorre   edoirep adap ;jt −  qj ,,2,1=  
.a  )1,1(AMRA ledoM  
:tukireb iagabes silutid tapad sitametam araces AMRA ledoM  
qtqttptptt ZZZ −−−− −−−++++= εθεθεφφφ 11110  
nagned  
 tZ   :  edoirep adap atad ;t nt ,,2,1=  
 0φ  atnatsnok utaus :  
 1φ   retemarap :  evissergerotua ek RA uata -1  
 1−tZ   : atad   edoirep adap 1−t   
 tε   :  rorre  edoirep adap t  
 1θ   retemarap :   egareva gnivom ek AM uata -1  
 1−tε   : rorre   edoirep adap 1−t   
 mumu alop itukignem nagned naktujnalid tapad aynsuretes AMRA ledoM
AMRA (
 
𝑝, 𝑞). 
8.2  ledoM -M  ledo snoN gnay utkaW nutnuR sisilanA renoisat  
 gnay utkaw nutnur ledom aparebeB satsnon  ledom halada renoi
 egarevA gnivoM detargetnI evissergerotuA uata  AMIRA �𝑝, 𝑑, 𝑞�  ledom nad
 egarevA gnivoM detargetnI evissergerotuA lanosaeS  uata
AMIRAS �𝑝, 𝑑, 𝑞��𝑃, 𝐷, 𝑄�𝑆. 
1.8.2   ledoM  uata egarevA gnivoM detargetnI evissergerotuA AMIRA �𝒑, 𝒅, 𝒒� 
 ledoM  uata egarevA gnivoM detargetnI evissergerotuA AMIRA �𝑝, 𝑑, 𝑞� 
aw nutnur atad nakapurem ( utk seires emit  ) non  adap nakhabmatid gnay renoisats
:tukireb iagabes silutid tapad aynmumu kutneb aggnihes ,AMRA ledom  
( ) ( ) ( ) 11212110 1 −−−−−− −−++−+++= ptppippttt ZZZZZ φφφφφφφ  
 qtqtt −− −−−+ εθεθε 11  01.2( ) 
nagned  
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 tZ   :  edoirep adap atad ;t nt ,,2,1=  
 0φ  atnatsnok utaus :  
 iφ   retemarap :  evissergerotua RA uata  ek - ,i  pi ,,2,1=  
 itZ −   :  edoirep adap atad ;it −  pi ,,2,1=  
 tε   :  rorre  edoirep adap t  
 jθ   retemarap : egareva gnivom  AM uata   ek - ,j  qj ,,2,1=  
 it−ε   : rorre   edoirep adap ;jt −  qj ,,2,1=  
2.8.2   ledoM  egarevA gnivoM detargetnI evissergerotuA lanosaeS  uata
AMIRAS
 
�𝒑, 𝒅, 𝒒��𝑷, 𝑫, 𝑸�𝑺 
  namisum rusnu gnudnagnem gnay atad kutnu ledom nakapurem ini ledoM
( lanosaes kutneb nakapurem ini ledom ,)  ledom irad susuhk   tapadret akij AMIRA
isum rusnu  ikilimem atad itrareb ini lah ,natamagnep lisah adap salej gnay nam
gnalureb alop - ignaluggnanem kutnu ,patet gnay utkaw gnales malad gnalu   atad
 ,renoisats kadit gnay  sesorp nakukalid tapad akam namisum rusnu tabika
icnereffid  gn isum edoirp rasebes  ledoM .aynnam lanosaes   nakhilagnem
( karaj nagned aynmulebes atad adapek aynnaitahrep gal  gnay misum gnajnapes )
akaM .idajret   ledom  lanosaes RA (𝑝)  gnajnapes namisum nagned 𝑠  nakataynid
:helo  
0221 φφφφ ++++= −−− sptpststt ZZZZ  
uata  
( ) 0221
 
ˆ φφφφ =+++= t
sp
p
ss
t YBBBZ  )11.2(  
 AM ledom kutnu nakgnadeS (𝑄)  tafisreb gnay  lanosaes  namisum nagned
 gnajnapes 𝑠 :helo nakataynid  
sQtQststtZ −−− −−−−= αθαθαθθ 2210  
 
uata  
( ) 02211 θθθθ sQQsst BBBZ −−−−=  )21.2(  
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 isavresbo lisah utaus akij aggniheS tZ   kutnebid gnay sesorp itukignem
AMIRA ledom nagnubag helo ( )qdp ,,  AMIRAS ledom nad ( )QDP ,,   akam
:tukireb iagabes isalupinamid tapad aynledom  
( ) ( ) ( ) ( ) ( ) ( ) tSQqtDSdSpp BBZBBBB εθφφ Θ+=−−Φ 011  )31.2(  
nagned  
  qdp ,,   ,RA takgnit :  gnicnereffid namisum non AM nad  
 QDP ,,   ,RA takgnit :  gnicnereffid nad  namisum AM  
 ( )Bpφ  pBBB 12111 φφφ −−−−=  
 ( )Sp BΦ  ( ) ( ) ( ) SPpSS BBB Φ−−Φ−Φ−= 2211  
 ( )dB−1   takgnit :  gnicnereffid namisum non  
 ( )DSB−1   takgnit :  gnicnereffid namisum  
 ( )Bqθ  qq BBB θθθ −−−−= 2211  
 ( )SQ BΘ  SQQSS BBB Θ−−Θ−Θ−= 2211  
 tε   :  rorre  edoirep adap t  
 B  rudnum rotarepo :  
 0φ  atnatsnok utaus :  
 tZ   edoirep adap atad : ,t  .,,2,1 nt =  
9.2  hakgnaL -L xoB edoteM hakgna - snikneJ  
xoB nalamarep edoteM -  nad naklanekrepid ilak amatrep snikneJ
xoB egroeG helo nakgnabmekid  hakgnaL .)6791( snikneJ myliwG nad -  hakgnal
xoB edotem adap atad asilanagnem malad nakanugid gnay - :utiay snikneJ  
 
.1  ledoM isakifitnedI  
pahat adaP  tnedi amatrep ledom isakifi -  naaskiremep nakukalid amat
 .atad narenoisatsek tahilem kutnu arac 3 adA  s atad hakapa   .kadit uata renoisat
noisats  utiay ,atad satire :tukireb iagabes  
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.a  lautkA ataD tolP  
 araC  tahilem kutnu anahredes tagnas gnay  atad ats  utiay kadit uata renois
lautka atad tolp tahilem nagned  , j atar ikilimem atad utaus aki -  snairav nad atar
 ,natsnok halada lautka atad tolp adap  tubesret  atad awhab nakataynid tapad akam
.renoisats  
 
renoisatS muleB gnay ataD kifarG 5.2 rabmaG  
 
  atad aggnihes ,kian nert atad tolp tahil id tapad 5.2 rabmaG nakrasadreB
atad .renoisats kadit   renoisats gnay atad idajnem habuid surah renoisats kadit gnay
 nakukalem nagned gnicnereffid  nakukalem haletes ,  gnicnereffid  iapacnem kutnu
 iagabes 6.2 rabmaG adap tahilid tapad renoisats hadus gnay ataD .renoisats
:tukireb  
Year
Month
20172016201520142013201220112010
JanJanJanJanJanJanJanJan
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
C
1
Time Series Plot of C1
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  nagnubuh nagned natiakreb ini ialiN  raenil  aratna  seires emit  gnay
 gal helo nakgnisaid k   nakitkubid tapad ini ,utkaw tinu kr   aratna adareb ulales
 ialin
 
� 1  nad 1  ialiN . kr   iripmahgnem gnay 1  gnay lepmas awhab nakkujnunem
 gal utas helo nakhasipid k   tauk gnay nagnurdnecek iaynupmem nad utkaw tinu
amasreb karegreb kutnu -  kutneb malad amas raenil   ,fitisop ialin nagned  nakgnades
 ialin utas kutnu kr   ialin iripmahgnem gnay � 1  gnay lepmas awhab nakadnanem
 nakhasipid  gal utas helo k   kutnu tauk nagnurdnecek utas iaynupmem utkaw tinu
 kutneb malad amasreb karegreb  raenil  nagned  radnatS .fitagen ialin  rorre   igab kr  
halai : 
( ) 21
2
1
1
1
2
1
21
+−






+
=
∑
−
=
bn
r
s
k
j
j
kr  )61.2(  
nad  
kr
k
kr s
r
t =  )71.2(  
  gal adap sirag dujuw awhab nakatakiD k   akij FCAP malad kkr   laitrap
 noitalerrocotua  gal adap lepmas k   uti anerak helo ,kitsitatsreb araces raseb halada
 gal adap sirag paggnagnem nagned k   kaltum ialin akij FCAP malad dujuw
2>=
kkr
kk
kkr s
r
t  .  noitalerrocotua laitraP  gal adap lepmas k  iadnatid , kkr :halai ,  








−
−
=
∑
∑
−
=
−
−
=
−−
1
1
1
1
1
1
1
,1
,
k
j
jjk
k
j
jkjkk
kk
rr
rrr
r
r  )81.2(  
nagned  
jkkkkjkjk rrrr −−− −= ,1,1   kutnu 1,,2,1 −= kj  )91.2(  
 radnatS  rorre  igab kkr  :halai  
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( ) 211
1
+−
=
bn
s kkr  )02.2(  
 kitsitatS kkrt  :halai  
kkr
kk
kkr s
rt =  )12.2(  
  gal sapeles gnotomem FCAP k   ayntukireb gal adap sirag ada kadit ualak
 irad raseb hibel
 
𝑘  FCAP akij ,misumreb kadit gnay atad kutnu ,FCAP malad
 ayapus nakukalid aynmumu sakgnapret kkrt   irad gnaruk halad gal utas sapeles
 nakatagnem atik ,audeK .2 nagned amas uata  akij ukalreb kadit FCAP awhab
 tusuynem helob FCAP .libats nagned gnarukreb ipatet gnotomem kadit ini isgnuf
audek uata sunis araces uata nenopske araces - .)5002 ,.la te namrewoB( aynaud  
1.2 lebaT  ( FCA iroeT nakrasadreB ledoM isakifitnedI  noitalerrocotuA
nuF noitc ( FCAP nad )  noitalerrocotuA laitraP noitcnuF  )  
ledoM  FCA  (  noitalerrocotuA
noitcnuF ) 
FCAP  (  noitalerrocotuA laitraP
noitcnuF ) 
 RA ( )p   araces lon ek tusuyneM
 sunis araces uata nenopske
audek uata -  .aynaud  
 gal sapeles sakgnapreT p   nad
.lon ek nurunem naidumek  
 AM ( )q   gal sapeles sakgnapreT q   nad
.lon ek nurunem naidumek  
 araces lon ek tusuyneM
 uata sunis araces uata nenopske
audek - .aynaud  
 AMRA
( )qp,  
 araces lon ek tusuyneM
 sunis araces uata nenopske
audek uata - aynaud  
 araces lon ek tusuyneM
 uata sunis araces uata nenopske
audek - .aynaud  
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 ataD aloP 7.2 rabmaG nwoD gniyD  
 ataD aloP 8.2 rabmaG ffO tuC  
 sesorp nakukalid akam ,renoisats kadit atad akiJ effid gnicner  utiay ,
 ialin apareb nakutnenem d  .  haletes renoisats halet atad akiJ  gnicnereffid  ,amatrep
 ialin akam 1=d  nakukalid apnat renoisats halet atad akij ,numaN .aynsuretes nad
 ,gnicnereffid  ialin akam .0=d  
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renoisatS haduS gnay FCA ataD aloP 9.2 rabmaG  
aloP 01.2 rabmaG  renoisatS haduS gnay FCAP ataD  
   .tapet gnay ledom nahilimep sesorp nakukalid akam ,renoisats atad haleteS
 ledom nahilimep sesorP .fitatnet ledom isakifitnedi nagned tubesid ini sesorP
 kifarg adap AM nad RA edro isakifitnedignem nagned nakukalid tapet gnay CFA  
 nad FCAP . 
.c   ijU tinU  tooR  
tsek narenoisa   akitsitas iju naknalajnem nagned ijuid tapad aguj atad utaus
 iju utiay toor tinu  halada nakanugid gnires gnay ijU .  relluF yekciD detnemguA
)FDA(  norreP spillihP , )PP(   nad  nihS tdimhcS spillihP ikswoktaiwK  .)SSPK(  
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 nakrasadreb nakukalid FDA ijU :utiay ,tukireb naamasrep  
∑
=
−− +∆++=∆
n
i
tititt yyy
1
110 εααα  22.2( ) 
nagned  
 iα  retemarap : ( )ni ,,1; =  
 t  utkaw padahret lebairav :  
 tε   : rorre  
 :utiay ini FDA iju kutnu sisetopih naijugneP  
0H   :  seires emiT  iaynupmem  toor tinu (  seires emit  )renoisats kadit  
1H   :  seires emiT  kadit iaynupmem  toor tinu (  seires emit  .)renoisats  
sisetopih ijugnem kutnU  kitsitats ialin ,ini  t   uata τ   nakgnidnabid naka
helo gnutihid naka gnay kitirk ialin nagned  KcaM nonni  . kitsitats kaltum ialin akiJ -
t   kaltum ialin irad raseb hibel  FDA nonniKcaM   gnay naayacrepek takgnit adap
 kalot akam ,nakutnetid halet 0H  awhab itrareb ini lah ,  seires emit  halada tubesret
.)3002 ,.la te knabelkcorB( aynkilabes utigeb ,renoisats  
 ijU  norreP spillihP :utiay ,tukireb naamasrep nakrasadreb nakukalid )PP(  
ttt yy εαα ++=∆ −110  32.2( ) 
nagned  
 10 ,αα  retemarap :  
 t  utkaw padahret lebairav :  
 tε   : rorre  
utnu sisetopih naijugneP :utiay FDA nagned amas PP iju k  
0H   :  seires emiT  iaynupmem  toor tinu (  seires emit  kadit )renoisats . 
1H   :  seires emiT  kadit iaynupmem  toor tinu (  seires emit .)renoisats  
  iju utiay PP kitsitats ijU kitsitats - t   kitirk nakgnidnabmem nagned utiay
nonniKcaM  .)2991,aladdaM(  U  ij  nihS tdimhcS spillihP ikswoktaiwK  )SSPK(
:utiay ,tukireb naamasrep nakrasadreb nakukalid  
tty εα +′= 0  42.2( ) 
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  :utiay SSPK iju kutnu sisetopih naijugneP  
0H   :  seires emiT  renoisats gnay  
1H   :  seires emiT kadit gnay  .renoisats  
 ialin utiay ,ini sisetopih ijugnem kutnU  kitirk nonniKcaM   nakanugid naka
kitsitats ialin nagned nagnidnabrep iagabes - t  .)8002 ,.la te iaW( SSPK helo  
.2  isamitsE  retemaraP  ledoM  
 haleteS  isakifitnedi utiay amatrep hakgnal nakukalem ledom  ledom nad  
 hakgnal akam helorepid aratnemes  utiay ayntujnales  hakgnal  isamitse retemarap  
ledom  . isamitsE  retemarap  ledom   edotem nakanuggnem nagned nakukalid tapad
( licekret tardauk serauqs tsael yranidro .)   edotem utaus nakapurem ini edoteM
 kutnu nakanugid gnay isamitse  )riskanem(   edotem rasad pesnok ,ledom retemarap
 tardauk halmuj nakmuminimem arac nagned halada ini rorre  .  tardauk halmuJ
 rorre utkaw nutnur naamasrep kutnu  k naamasrep nagned golana utas edro  tardau
rorre   kutnu sitametam naamasrep halada tukireB .anahredes reinil iserger adap
 tardauk naamasrep rorre  :)5991 ,gniribmeS( utiay anahredes reinil iserger adap  
( )∑ ∑
= =
−==
n
i
n
i
iii yyeJ
1 1
22  )52.2(             
:anahredes iserger naamasrep kutnu  
nixy ii ,,2,1, =+= βα  )62.2(  
p naklasiM  ledom ada AR )1( akam , iy  nagned itnagid  tZ  , ie  nagned  ta  ,
α  nagned  0φ  , β  nagned  1φ  , ix   nagned 1−tZ   akaM .  halmuj naamasrep  tardauk
 rorre idajnem ayn : 
( )∑∑
==
−==
n
i
tt
n
i
t ZZeJ
1
2
1
2  )72.2(  
 ledom kutnu ,)1(RA  utiay : 
110 −+= tt ZZ φφ  )82.2(  
 72.2( naamasreP ek )82.2( naamasreP nakisutitbuS  tardauk halmuj akam ,)
rorre  :idajnem  
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( )∑ ∑
= =
−−−==
n
i
n
t
ttt ZZaJ
1 1
2
110
2 φφ                       )92.2(  
nagned ayntujnaleS  tardauk nakmuminimem   rorre akam   naikimed nagned
92.2( naamasreP nagned nakmuminimid )   )82.2( naamasreP naknurunem arac
 padahret 0φ   nad 1φ  .lon nagned amas aynnanurut naamasrep nad   isgnuf nanuruT
J   padahret 0φ :utiay ,  
0
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∂
∂
φ
J
 
( ) 0
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110
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∑ ∑
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1 φφ  
110 −−= tt ZZ φφ  )03.2(  
  ayntujnaleS  isgnuf J  92.2( naamasreP adap  )   padahret naknurutid 1φ  ,
:akam  
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∂
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 neisefeok naamasrep nakisutitbuS 0φ   aggnihes ,sataid naamasrep maladek
 neisefeok naamasrep helorepid 1φ utiay , : 
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φ  )13.2(  
 haletes ayntujnaleS  halet ledom retemarap nad nakukalid isamitse
 helorepid ed ledom retemarap padahret isnakifingis iju nakukalem nagned  nagn
 ialin aratna nakgnidnabmem eulavP  emarap paites adap  level nagned ledom ret
 isnarelot ( )α : halada aynsisetopih naijugnep malad nakanugid gnay sisetopiH .  
0H   : p ledom malad nakifingis kadit ledom retemara  
1H   : retemarap  ledom malad nakifingis ledom  
ialin akij nakifingis nakatakid ledom retemaraP  α>eulavP   kalot uata
0H   nad 1H  retemarap itrareb gnay  .ledom malad nakifingis ledom  
.3  kitsongaiD naaskiremeP  
nariskanep utiay audek hakgnal nakukalem haleteS   ,ledom retemarap
kitsongaid naaskiremep utiay ayntujnales hakgnal   gnay ledom ayapus nakukalid
 ijU .nalamarep pahat utiay ayntukireb pahat kutnu nakanugid kayal helorepid
ukalid tapad gnay kitsongaid naaskiremep kutnu nak   utiay : 
.a   isnednepednI ijU laudiseR  
 hakapa isketednem kutnu nakukalid ini ijU laudiser   kadit gal adap ledom
 isalerok ialin satab sirag nad sata satab sirag gnotomem gnay ada laudiser  ini laH .
 margelok iulalem iuhatekid tapad  FCAP nad FCA laudiser   naklisahid gnay
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 .ledom anuggnem nagned nialeS  nak margelok   FCAP nad FCA laudiser  ,
 isnednepedni laudiser  d nakukalid aguj tapad  namodnarek iju nagne laudiser  utiay ,
de  kitsitats iju nakanuggnem nagn gnujL - xoB u , hakapa nakutnenem kutn  K  
 igab isalerokotua amatrep lepmas laudiser  igab napukucek nakujnunem   ledom
kitsitats ijU .kadit uata  gnujL - xoB  : halada  
( ) ( ) ( )∑
=
−+′+′′=
k
t
irnnnQ
1
21* 12 α  )23.2(          
 nagned   
 n′   : dn −  
 n   utkaw nutnur atad nagnalib : lasa  
 d   :  tajared gnicnereffid  
 ( )α2ir   irad tardauk : ( )αir   isalerokotua lepmas  gal laudiser  
topih naijugnep malad nakanugid gnay sisetopiH  iju adap sise gnujL - xoB  
 halada 0H  modnar halada atad :  aynnawal , aH   : modnar kadit halada atad . akiJ  
*Q irad licek hibel  [ ] ( )ca nKx −2 amiret atik ,  0H  kadit halada uti laudiseR .
akiJ .atad tes kutnu iauses nakatakid tubesret ledom nad isalerokreb  *Q   hibel
irad raseb  [ ] ( )ca nKx −2 amiret lagag atik akam ,  0H  ilikawem lagag uti ledoM .
.nakukalid kadneh urab gnay ledom nautnenep nad atad  
kitsitats iju irad nialeS  gnujL - xoB  kutnu nakanugid helob gnay iju ,
 iju utiay seires atad igab iauses gnay ledom naaskiremep  noitamrofnI ekiakA
 noiretirC  nad )CIA( noiretirC zrawhcS   nagned naknalajid ini iju audeK .)CS(
naamasrep nakraggnagnem - : tukireb itrepes naamasrep  
( ) ( )nKnCIA 22 +−=  )33.2(  
d na  
( ) 



+−= n
nK
nCS
gol2  )43.2(  
nagned  
K  nakraggnaid gnay retemarap halmuj :  
n  naparec halmuj :  
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  isgnuf naraggna ialin : doohilekil  
  tapad seiris atad igab iauses gnay ledoM  naraggna ialin nagned nakumetid
.tubesret ledom igab muminim gnay CS nad CIA  
.b   nalamroneK ijU laudiseR  
 margotsih tahilem nagned nakukalid tapad ini laudiser nalamronek ijU
laudiser   kutnu nakanugid kayal nakatakid gnay ledom ,ledom naklisahid gnay
es sisilana  hakapa tahilem nagned halada nalamarep sisilana utiay ayntujnal
 margotsih  laudiser  halet ledom akam ,lamron avruk alop itukignem halet ledom
.nalamarep kutnu nakanugid kayal aggnihes nalamronek ismusa ihunemem  
am ,utas irad hibel naklisahid gnay ledom akiJ  nakukalid tapad ak
 iju nakukalem nagned kiabret ledom nahilimep )ESM( rorre erauqs naem  ,
:tukireb naamasrep adap tahilid tapad ESM iju irad sitametam naamasrep  
( )∑
=
−=
n
i
tt YYn
ESM
1
21
 )53.2(  
nagned  
 tY   edoirep adap atad : ntt ,,2,1, =  
 tY   edoirep nalamar atad : t   
 n   atad halmuj : n   
 ialin iaynupmem gnay ledom utiay hilipid gnay ledoM ESM  .licekret gnay  
.4  nalamareP  
xoB edotem malad rihkaret hakgnal uata tapmeek hakgnaL -  utiay snikneJ  
.nalamarep   sisilana malad naujuT  seires emit  asam ialin naklamarem kutnu halada
.)6002 ,ieW( naped   igab nagnidnabrep taubid nalamar ialin nad aynranebes ialiN
tetid gnay ledom nakitsamem  asam kutnu kiab gnay nalamar taubmem tapad nakpa
 adap hilipret gnay kiabret ledoM .naped kitsongaid naaaskiremep pahat   tapad
 atad nalamarep itupilem gnay nalamarep malad nakanugid gniniart  nalamarep ,
 atad gnitset  .gnatad naka gnay utkaw kutnu nalamarep nad   nalamarep pahat adaP
 atad gniniart   nalamarep kutnu nakgnades ,lautka atad halada nakanugid gnay atad
 atad gnitset   atad adap nalamarep lisah atad halada nakanugid gnay atad gniniart  .
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y atad ,gnatad naka gnay utkaw kutnu nalamarep pahat halada rihkart pahaT  gna
 atad adap nalamarep lisah atad utiay nakanugid gnitset  gnay ledom naklasiM .
:tukireb iagabes tubesret nalamarep pahat akam )1(RA ledom halada hilipret  
.a   ataD nalamareP .gniniarT  
1102
 
ˆ ZZ φφ +=  )63.2(  
 atad adaP  nakanugid gniniart  .lautka atad  
 
.b  eP  ataD nalamar .gnitseT  
110
 
ˆˆ
−+= tt ZZ φφ  )73.2(  
1
 
ˆ
−tZ  rihkaret atad halada   atad adap nalamarep lisah gniniart .  adaP
 atad nalamarep gnitset   atad adap nalamarep lisah atad nakanugid gniniart . 
.c   gnatad naka gnay utkaw kutnu nalamareP  
 ledom nagned amas ini nalamarep pahat kutnu sitametam ledoM
 atad sitametam gnitset  ipatet , 1
 
ˆ
−tZ   nalamarep lisah rihkaret atad halada
 atad adap gnitset . 
  aratna iskiderp nahalasek gnutihgnem kutnu nakanugid gnay ruku talA
 halada nial m hgne  gnuti )EPAM( rorrE egatnecreP tulosbA naeM  . P  naamasre
PAM iju irad sitametam :tukireb naamasrep adap tahilid tapad E  
∑
=
−
=
n
i t
tt
Z
ZZ
n
EPAM
1
 
ˆ%001
 )83.2(  
  esatnesrep takgniT rorre  .%02 hawabid halada nalamarep kutnu kiab gnay  
  
II BAB I 
EDOTEM NAITILENEP IGOL  
1.3  ataD rebmuS nad sineJ  
.a  ataD sineJ  
 atad halada ini naitilenep malad nakanugid gnay ataD  nanohomrep halmuj
 urabnakeP 1 salek isargimI rotnaK id urab ropsap  2102 iraunaJ edoirep malad
.atad 58  kaynab utiay ,9102 iraunaJ iapmas  
.b  ataD rebmuS  
 rotnaK irad helorepid gnay rednukes atad ini naitilenep malad atad rebmuS
.urabnakeP 1 saleK isargimI  
2.3  ataD sisilanA kinkeT  
urab ropsap nanohomrep halmuj atad haleteS   1 salek isargimI rotnaK id
 halada ayntujnales hakgnal akam ,lupmukret nakhutubid gnay urabnakeP
 araces nakukalid ini naitilenep lisah sisilanA .halasam naiaseleynep nakukalem
nalupmisek raga ,kitsitats natakednep uata kinket nakanuggnem nagned fitatitnauk  
 edotem  halada  nakanugid  gnay kitsitats kinkeT .tapet araces helorepid tapad
( nalamarep gnitsacerof  ) xoB - snikneJ   nautnab nagned erawtfos   kitsitats isakilpa
  utiay lecxe .sM ,71 batiniM   nad E- .9 sweiv  
hakgnaL - nagned nalamarep malad nakanugid gnay hakgnal   edotem xoB -
snikneJ  :tukireb iagabes halada  
.1  ledoM isakifitnedI  
  halmuj atad narenoisatsek tahilem kutnu nakukalid ledom isakifitnedI
 ledom iracnem nad urabnakeP 1 salek isargimI rotnaK id urab ropsap nanohomrep
muj lautka atad tolp taubmem nagned aratnemes  id urab ropsap nanohomrep hal
 .laisrap isaleroktoua nad isalerokotua kifarg ,urabnakeP 1 salek isargimI rotnaK
 1 salek isargimI rotnaK id urab ropsap nanohomrep halmuj atad alibapA
 nakukal akam renoisats kadit urabnakeP gnicnereffid  atad naklisahgnem kutnu  
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 gnay urabnakeP 1 salek isargimI rotnaK id urab ropsap nanohomrep halmuj
.renoisats  
.2  ledoM retemaraP isamitsE  
  edotem halada retemarap isamitse pahat adap nakanugid gnay edoteM
 tardauk halmuj nakmunimem arac nagned licekret tardauk rorre  haleteS .
 retemarap  isnakifingis iju nakukalem halada ayntujnales hakgnal helorepid ledom
 ialin nakgnidnabmem arac nagned tubesret ledom retemarap padahret eulavP −  
 isnarelot level nagned .α  
.3  kitsongaiD naaskiremeP  
  kitsongaid naaskiremeP  ledom nakayalek ijugnem kutnu nakukalid
 iju halada ini pahat adap nakanugid tapad gnay ijU .helorepid gnay aratnemes
 isnednepedni laudiser   nalamronek iju nad laudiser . 
.4  nalamareP  
  edotem malad nakukalid gnay rihkaret pahaT xoB - snikneJ   halada
dom nakanuggnem  .nalamarep malad nakanugid kutnu hilipret gnay kiabret le
 atad nalamarep utiay ,pahat agit irad iridret nalamareP gniniart  , gnitset  nad ,
.gnatad naka gnay utkaw kutnu nalamarep  
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hakgnaL - tapad nalamarep ledom nakutnebmep nad atad nalupmugnep hakgnal  
:tukireb iagabes nakrabmagid  
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 1.3 rabmaG  trahcwolF naitileneP igoledoteM  
 
ialuM  
ledoM isakifitnedI  
 narenoisatseK ijU
 ataD  
ropsaP nanohomreP halmuJ ataD  
gnicnereffiD  
aY  
ledoM retemaraP isamitsE  
kitsongaiD naaskiremeP  
nalamareP  
iaseleS  
nalamareP ledoM natapeteK ijU  
 
 
 
 
V BAB  
PUTUNEP  
1.5  nalupmiseK  
 edotem iulalem nasahabmep nakrasadreB xoB -  snikneJ y  halet gna
 ,VI baB adap nakukalid ( nalamarep ledom awhab naklupmisid tapad gnitsacerof  )
 kutnu iauses gnay  1 salek isargimI rotnaK id urab ropsap nanohomrep takgnit
 ledom halada  urabnakeP ( )1RA  :tukireb iagabes aynsitametam ledom nagned  
ttt ZZ ε++= −10275.011.919  
( EPAM ialin nagned rorrE egatnecreP tulosbA naeM  utiay ) ,%900.41   ledom  ini
 id urab ropsap nanohomrep halmuj iskiderp sisilana kutnu nakanugid tapad
.gnatad naka gnay utkaw kutnu urabnakeP 1 salek isargimI rotnaK  
 ledoM ( )1RA   ropsap nanohomrep halmuj awhab narabmag nakirebmem
keP 1 salek isargimI rotnaK id urab  nalub irad nanurunep imalagnem urabna
 idajret ini lah ,nakataynem urabnakeP 1 salek isargimI rotnaK .aynmulebes
 nohomep atouk naknurunem naka urabnakeP 1 salek isargimI rotnaK nakanerakid
 metsis anerak ,aynirah paites ropsap nataubmep rorre etsis aggnihes ,  ajrekeb aynm
.amal hibel idajnem urab ropsap nataubmep sesorp nad tabmal  
 2.5   naraS  
 naitilenep gnatnet isamrofni nakhutubmem gnay kahip igab silunep naraS
 halmuj atad halada naitilenep kutnu nakanugid gnay atad ,utiay ini rihka sagut
 ropsap nanohomrep  .atad 58 kaynabes urabnakeP 1 salek isargimI rotnaK id urab
 hibel gnay atad nakanuggnem kutnu tanimreb gnay adapek naknaraynem siluneP
 itrepes ropsap sinej nagned irahrep atad uata uggnimrep atad aynlasim kaynab
 raga ,ukalreb asam sibah anerak naitnaggnep  gnay nalamarep ledom naktapadnem
 edotem halada nakanugid gnay edoteM .kiab hibel xoB -  snikneJ  ledom nagned
 evissergerotuA  nautnab nakanuggnem nagned E ,batiniM erawtfos -  ,sweiv  nad
 .lecxe.sM  irad edi nakgnabmegnem tapad kutnu acabmep arap parahreb siluneP
ut .ini rihka sag  
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 .D .A ,divaD dna ,.C .J ,knabelkcorB seireS emiT gnitsacroF roF SAS .”   ht 2
.3002 .cnI ,snoS & yeliW nhoJ:kroY weN .noitidE  
“ .D .J ,reyrC ”isylanA seireS emiT  . SWP - TNEK  ynapmoC gnihsilbuP  .notsoB .
.6891  
anivseD ,.P .A ,  “ .5102 .atimseD nad xoB edoteM napareneP -  malad snikneJ
 skednI naklamareM urabnakeP atoK id nemusnoK agraH ”  :urabnakeP .
akitsitatS nad akitametaM sniaS lanruJ 93:1.oN ,1 .loV . -4 .7  
“ .4102 .P.A ,anivseD silanA  habmeL id )01MP(rettaM etalucitraP seireS emiT si
 nad ayaJ gnilateP ,malA hahS ,rupmuL alauK uatnameP nuitatS(gnaleK
)gnajaK eK .tec amatreP isidE .” - .uaiR aksuS niU MPPL :urabnakeP .1  
 nagned ipA atereK gnapmuneP halmuJ nalamareP“ .irreF akE ,inayardnI
gneM xoB edoteM nakanug -  ipA atereK .TP id susaK idutS( snikneJ
 .”)atrakaygoY IV POAD )oresreP(  nanuS NIU awsisahaM rihkA saguT
agajilaK .9002 ,  
 A 1 salek isargimI rotnaK id  ropsaP nataubmeP rudesorP“ .antaR ,S iwedalamuK
 .”atrakaruS  awsisahaM rihkA saguT teraM salebeS satisrevinU .9002 ,  
 nagned atasiW nagnujnuK nalamareP“ ,2102 .N ,hisgninuyhaW & .N ,iratseL
 :ayabaruS ,”)atasiworgA amusuK :susak idutS( AMIRAS ledoM natakedneP
STI ineS nad sniaS lanruJ 92A:1 .oN ,1.loV . - .33A  
“ .9991 .kkd sroypS ,sikradirkaM M 1 diliJ nalamareP isakilpA nad edote  isidE .”
.aggnalrE :atrakaJ .audeK  
“ .0102 .itayahruN nitsA ,horawanuM  .TP adap gnapmuneP halmuJ nalamareP
 lanoisanretnI aradU radnaB gnabaC rotnaK )ORESREP( I aruP asakgnA
xE s’retniW edoteM nagned atrakaygoY otpijtusidA  gnihtoomS laitnenop
AMIRA lanosaeS nad  .”  iregeN satisrevinU awsisahaM rihkA saguT
atrakaygoY . 
gnadnureP narutareP - gnadnU .nagnadnu -  gnatneT .1102 nuhat 6 romoN gnadnu
naisargimieK . 
gnadnureP narutareP - gnadnU .nagnadnu - 102 nuhat 6 romoN gnadnu 6  gnatneT .
naisargimieK . 
gnadnureP narutareP - gnadnU .nagnadnu -  gnatneT .2991 nuhat 9 romoN gnadnu
naisargimieK . 
  
 
“ ,4102 .kkd ,apsuP  raniS .TP adap orsoS lotoB ehT iskudorP nalaujneP nalamareP
 4102 nuhat aratU naigaB aretamuS orsoS xoB amirA edoteM nagned -
amuS ,”snikneJ  :aratU aret akitametaM aitniaS lanruJ  .oN ,2.loV .
662:352:30  
“ .5991 .KR ,gniribmeS isergeR sisilanA .BTI  tibreneP .”audeK isidE .  
xoB fo ytilibacilppA“ ,2102 .atakE & K.A ,vatsavirhS -  ni ledoM AMIRA snikneJ
 gnitiefretnuoc fo yduts esac A :gnitsaceroF emirC  :tarajuG ,”etatS tarajuG ni
 & gnireenignE retupmoC ni hcraeseR decnavdA fo lanruoJ lanoitanretnI
ygolonhceT 494:4 .oN ,1.loV . - .794  
 .)9002( .osotnaS ,higgniS  asaM sinsiB nalamareP edoteM :gnitsaceroF ssenisuB“
SSPS nad BATINIM nagned iniK elE .TP :atrakaJ .” .odnitupmoK aideM x  
 .)3102( .amiG ,amaiguS atasiwiraP tesA nemejanaM“  ayadrauG :gnudnaB .”
.atramitnI  
“ .7002 .idnA ,tagnapuS  non nad isnerefnI ,fitpirkseD naijaK malad akitsitatS
.”kirtemaraP  eK .tec amatreP isidE - .anacneK :atrakaJ .1  
“ ,.S.W.W ,ieW sdohteM etairavitluM dna etairavinU sisylanA seireS emiT  isidE .”
nosiddA .audeK - .5002 .ainrofilaC ,cnI ,ynapmoC gnihsilbuP yelseW  
ataR nalamareP ledoM“ .iviV ,anailuY -  atoK kirtsiL naiakameP nabeB atar
xoB edoteM nakanuggneM urabnakeP -  .”snikneJ  rihkA saguT  awsisahaM
uaiR aksuS NIU .1102 ,  
 
 A-1 
A NARIPMAL  
ataD  isargimI rotnaK id uraB ropsaP nanohomreP halmuJ  
2102 iraunaJ edoireP urabnakeP I saleK - 9102 iraunaJ  
.oN  nuhaT/naluB  nanohomreP halmuJ  
1  2102 iraunaJ  6001  
2  iraurbeF  2102  4721  
3  2102 teraM  5681  
4  2102 lirpA  5612  
5  2102 ieM  6032  
6  2102 inuJ  7562  
7  2102 iluJ  4172  
8  2102 sutsugA  5362  
9  2102 rebmetpeS  7981  
01   2102 rebotkO  2112  
11   2102 rebmevoN  1332  
21   2102 rebmeseD  1592  
31   3102 iraunaJ  1542  
41   3102 iraurbeF  7662  
51   3102 teraM  7522  
61   3102 lirpA  8042  
71   3102 ieM  5932  
81   3102 inuJ  4322  
91   3102 iluJ  4452  
02   3102 sutsugA  4381  
12   3102 rebmetpeS  0302  
22   3102 rebotkO  8122  
32   3102 rebmevoN  6422  
42   3102 rebmeseD  3503  
52   iraunaJ   4102  3482  
62   4102 iraurbeF  6122  
72   4102 teraM  3802  
82   4102 lirpA  0381  
92   4102 ieM  5312  
03   4102 inuJ  9771  
13   4102 iluJ  3012  
23   4102 sutsugA  0622  
33   4102 rebmetpeS  2432  
43   4102 rebotkO  2452  
53   4102 rebmevoN  7332  
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.oN  nuhaT/naluB   halmuJ nanohomreP  
63   4102 rebmeseD  6571  
73   5102 iraunaJ  5081  
83   5102 iraurbeF  2212  
93   5102 teraM  2902  
04   5102 lirpA  4451  
14   5102 ieM  6331  
24   5102 inuJ  1671  
34   5102 iluJ  8991  
44   5102 sutsugA  9761  
54   5102 rebmetpeS  1471  
64   5102 rebotkO  0512  
74   5102 rebmevoN  7432  
84   5102 rebmeseD  6102  
94   6102 iraunaJ  6322  
05   6102 iraurbeF  7142  
15   6102 teraM  5781  
25   6102 lirpA  6351  
35   6102 ieM  6121  
45   6102 inuJ  9581  
55   6102 iluJ  7471  
65   6102 sutsugA  3032  
75   6102 rebmetpeS  9122  
85   rebotkO  6102  1132  
95   6102 rebmevoN  2342  
06   6102 rebmeseD  2202  
16   7102 iraunaJ  6232  
26   7102 iraurbeF  8932  
36   7102 teraM  6871  
46   7102 lirpA  3251  
56   7102 ieM  1251  
66   7102 inuJ  7891  
76   7102 iluJ  7002  
86   7102 sutsugA  1242  
96   7102 rebmetpeS  0232  
07   7102 rebotkO  6342  
17    7102 rebmevoN  3232  
27    7102 rebmeseD  4312  
37   8102 iraunaJ  6203  
47    8102 iraurbeF  8152  
57    8102 teraM  1203  
A-3 
 
 
.oN  nuhaT/naluB  nanohomreP halmuJ  
67    8102 lirpA  1261  
77    8102 ieM  0221  
87    8102 inuJ  8002  
97    8102 iluJ  7012  
08    8102 sutsugA  1252  
18    8102 rebmetpeS  1532  
28    8102 rebotkO  1592  
38    8102 rebmevoN  3832  
48    8102 rebmeseD  1752  
58    9102 iraunaJ  1562  
 
 
 
 B-1 
NARIPMAL  B 
 ataD  gniniarT  rotnaK id uraB ropsaP nanohomreP halmuJ
2102 iraunaJ edoireP urabnakeP I saleK isargimI - 7102 sutsugA  
.oN  
uraB ropsaP nanohomreP halmuJ  
utkaW  
)naluB(  
ialiN  
lautkA  
ialiN  
nalamaR  
1  2102 iraunaJ  6001  
 2  2102 iraurbeF  4721  245.4941  
3  2102 teraM  5681  838.7461  
4  2102 lirpA  5612  98.5891 0 
5  2102 ieM  6032  94.7512 0 
6  2102 inuJ  7562  241.8322  
7  2102 iluJ  4172  419.8342  
8  2102 sutsugA  5362  815.1742  
9  2102 rebmetpeS  7981  33.6242 0 
01   2102 rebotkO  2112  491.4002  
11   2102 rebmevoN  1332  471.7212  
21   2102 rebmeseD  1592  244.2522  
31   3102 iraunaJ  1542  280.7062  
41   3102 iraurbeF  7662  280.1232  
51   3102 teraM  7522  436.4442  
61   3102 lirpA  8042  411.0122  
71   3102 ieM  5932  684.6922  
81   3102 inuJ  4322  50.9822 0 
91   3102 iluJ  4452  859.6912  
02   3102 sutsugA  4381  872.4732  
12   3102 rebmetpeS  0302  851.8691  
22   3102 rebotkO  8122  72.0802 0 
32   3102 rebmevoN  6422  608.7812  
42   3102 rebmeseD  3503  228.3022  
52    4102 iraunaJ  3482  624.5662  
62   4102 iraurbeF  6122  603.5452  
72   4102 teraM  3802  266.6812  
82   4102 lirpA  0381  685.0112  
92   4102 ieM  5312  78.5691 0 
03   4102 inuJ  9771  33.0412 0 
13   4102 iluJ  3012  896.6391  
23   4102 sutsugA  0622  620.2212  
33    rebmetpeS 4102  2432  38.1122 0 
B-2 
 
 
.ON  
uraB ropsaP nanohomreP halmuJ  
utkaW  
)naluB(  
ialiN  
lautkA  
ialiN  
nalamaR  
43   4102 rebotkO  2452  437.8522  
53   4102 rebmevoN  7332  431.3732  
63   4102 rebmeseD  6571  478.5522  
73   5102 iraunaJ  5081  245.3291  
83   5102 iraurbeF  2212  75.1591 0 
93   5102 teraM  2902  498.2312  
04   5102 lirpA  4451  437.5112  
14   5102 ieM  6331  872.2081  
24   5102 inuJ  1671  203.3861  
34   5102 iluJ  8991  204.6291  
44   5102 sutsugA  9761  669.1602  
54   5102 rebmetpeS  1471  894.9781  
64   5102 rebotkO  0512  269.4191  
74   5102 rebmevoN  7432  19.8412 0 
84   5102 rebmeseD  6102  495.1622  
94   6102 iraunaJ  6322  262.2702  
05   6102 iraurbeF  7142  201.8912  
15   6102 teraM  5781  436.1032  
25   6102 lirpA  6351  16.1991 0 
35   6102 ieM  6121  207.7971  
45   6102 inuJ  9581  266.4161  
55   iluJ  6102  7471  854.2891  
65   6102 sutsugA  3032  493.8191  
75   6102 rebmetpeS  9122  624.6322  
85   6102 rebotkO  1132  873.8812  
95   6102 rebmevoN  2342  200.1422  
06   6102 rebmeseD  2202  412.0132  
16   7102 iraunaJ  6232  496.5702  
26   7102 iraurbeF  8932  285.9422  
36   7102 teraM  6871  667.0922  
46   7102 lirpA  3251  207.0491  
56   7102 ieM  1251  662.0971  
66   7102 inuJ  7891  221.9871  
76   7102 iluJ  7002  476.5502  
86   7102 sutsugA  1242  411.7602  
 
 
 C-1 
NARIPMAL  C 
 ataD  gnitseT  uraB ropsaP nanohomreP halmuJ   
 rotnaK id urabnakeP I saleK isargimI   
7102 rebmetpeS edoireP - 9102 iraunaJ  
.oN  
uraB ropsaP nanohomreP halmuJ  
)naluB( utkaW  ialiN  lautkA   ialiN gniniarT   ialiN gnitseT  
1  7102 rebmetpeS  0232  229.3032  994.1012  
2  7102 rebotkO  6342  51.6422 0 359.6322  
3  7102 rebmevoN  3232  205.5132  809.3022  
4  7102 rebmeseD  4312  668.7422  775.3422  
5  8102 iraunaJ  6203  857.9312  988.4022  
6  iraurbeF  8102  8152  289.9462  250.3412  
7  8102 teraM  1203  604.9532  998.4342  
8  8102 lirpA  1261  221.7462  096.8622  
9  8102 ieM  0221  223.6481  462.3342  
01   8102 inuJ  8002  59.6161 0 602.5791  
11   8102 iluJ  7012  686.7602  500.4481  
21   8102 sutsugA  1252  413.4212  628.1012  
31   8102 rebmetpeS  1532  221.1632  812.4312  
41   8102 rebotkO  1592  288.2622  276.9622  
51   8102 rebmevoN  3832  280.7062  974.3122  
61   8102 rebmeseD  1752  681.2822  163.0142  
71   9102 iraunaJ  1562  227.9832  025.4222  
 
 
 


